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ABSTRACT 

We use the on-mass-shell current algebra based on the 

SU(3) @ SU(3) G- -model for calculating the G-parity violating 

decay of the \-3fl'. The model we use consistsof the triplet 

of quarks coupled to the SU(3) scalar and pseudoscalar fields, 

m and + and the chiral breaking operators u8 and u3 (tadpole 

terms).Due to the terms $i@j with i # j = 0,3, and 8, in the Lagrangian, 

the axial vector current-sources and fields associated with 

the 'TT', % ,and < particles, are formed by the mixtures of 

terms with the opposite G-parity and the mixing coefficient 

t= u3/(4ug) . Using these current operators, and having all 

particles on the mass-shell, we evaluate the decay amplitude 

form, by the reduction formalism,form the <JR \ K2) matrix 

element, making use~of the pole dominance. The result is 

proportional to the coefficient r = 4E which is determined,by the 

tadpole parts of the masses and decay constants of the mesons, 

through a set of relations which are derived from our Lagrangian. 

However, since these masses are not known satisfactorily, we 

first choose r so as to obtain the observed Y -P f1°7ftr- 

decay rate (which is proportional to r2), and then we verify 

that such a r value is consistant with the above set of 



-3- FERMILAB-Pub-76/18-THY 

relations. 
-2 

We find t-=2.12 KIO , and in turn the tadpole 

part of the K"-Kf meson mass difference rniO - m*+=0.005 GeV2. 
K 

We also find the branching ratio and the ratio of the rates 

of the '1 and yI' decays, in agreement with experiment. 

Comparing the decay amplitude obtained here with the 

one derived by the tree graph method based on the U(3) @ U(3) 

symmetry scheme, we realize the important role of the mixing of 

the "*, +b , and +3 field components, and the advantage of 

using the on-mass-current algebra for this process. 

I. INTRODUCTION 

It has been recognized that the rate of the '1 -decay into 

three pions cannot be obtained simply by the electromagnetic 

pertnrbation, and that this rate has not been satisfactorily 

calculated by the phenomenological Lagrangian method involving 

soft-pion formalism. 1 We see that in general, the previous 

treatments contain some extrapolation, and give the decay 

amplitude in terms of certain parameters which are determined 

by certain assumptions and by fitting the observed decay rate. 

For instance one such result is obtained from the SU(3) 

linear o--model Lagrangian and the other from the parametrization 

of the off-shell decay amplitude derived from the nonlinear 

u-model, in which the tadpole term, u3, is taken into 

account.2'3 A different approach which is based on the 

quark-gluon picture and the U(l) symmetry scheme in which the 

singlet component of the hadron axial vector current is not 
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conserved. Using this model, tine decay amplitude is evaluated 

in the U(3) a U(3) scheme, by the tree graph method, in terms 

of a physically non-existent "light-boson" whose unknown mass 

is estimated to be less than 1.7 times the pion mass. 4,5 The 

contribution of this boson to the decay is seen to be 

appreciable and thus to invalidate the smoothness assumption 

upon which the usual partially conserved axial vector current, 

PCAC, is based. By eliminating the contribution of this boson, 

as is done in Ref. (4), one gets the same result that was 

previously obtained by the SU(3) @ SU(3) theory with the u3 

term, and the soft pion technique. The best estimated rate 

from this treatment is less than l/3 of that observed. 

Considering these points, it appears that this decay 

problem cannot be solved entirely by the choice of the symmetry 

and symmetry breaking schemes, alone. With the isospin 

invariance breaking term included in the Lagrangian, all the 

previous approaches yield more or less the same result. Thus, 

further improvement of the calculation seems to require a 

departure from the conventional PCAC and soft-pion formalism. 6 

In this paper, therefore, we evaluate the present decay 

by the current algebra of the on-mass-shell pion, based on 

the SU(3) @ SU(3) U-model Lagrangian scheme. 7 In part 2, we 

consider the Lagrangian of Gell-Mann and L&y which consists 

of the triplets of quark field, q, and the nonets of scalar 

and pseudoscalar fields o- and q .7'a Also, we define the 

quark mass matrix operator, as 
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where g is the quark-meson coupling constant, A; is the 

component of the Gell-Mann nonet x -matrix, uO is the quark 

degenerate mass parameter, while u8 and u3 parameters give 

the quark mass splitting terms. Due to the u 8 and u3 , the 

Lagranqian contains terms proportional to Qi$ and o-; u--~ 

product with i and j=O,3, and 8. Consequently the axial 

vector current source, JP a. ' which is defined through the 

equation of motion and the chiral gauge technique, as 9 

CJ d’+n~~,+~a= + 3: a=o h 8 (2‘3 .) 

i=0,3,a (la) 

(where the mass m a and decay constant ca are associated with 

the SU(3) field '#") contains terms with the opposite G-parity, 

for a=0,3 and 8. Hence, using the physical particle operators, 

Eq. (2a) gives 

Jd = Jd+ + J; (2b) 

where the superscript denotes the G-parity. 10 This current 

spectrum stipulates that each physical field % also be 

consists of two parts with opposite G-parity, 

(2c) 

where are formed by the combination of the 90 > (f; and 

$2 components of the nonet field q. We will see how this 



-6- FERMILAB-Pub-76/18--THY 

mechanism allows us to evaluate the above decay directly by 

the reduction formalism from the (3'iT 1 'L) matrix element. In 

doing this is part 3, we see that the decay rates of the k , 

and ul' , are produced, respectively, by the product of the 

current components (JL, J{ ) and (Jar, JI 1. The matrix 

elements of these products are calculated, as in the previous 

work," via a set of intermediate states and the pole 

dominance. Making use of the conserved quantities we find 

theYand w" to be the only intermediate states which 

contribute appreciably to this decay amplitude. 18 The \ or 

k' decay rate is found to be proportional to the square of 

the ratio r=u3/u8 which is also proportional to the tadpole 

part of the K"-Kf mass difference and represents a correction 

to the Gell-Mann and Okubo mass formula. All the parameters 

in the final results are among those parameters which appear 

in our Laqrangian; and so they are expressed in terms of the 

mesons masses and decay constants. 12 It is seen, however, that 

the ratio r cannot satisfactorily be determined, because of 

the inaccuracies in the tadpole parts o,f the mesons masses and 

in the y1 decay constant CQ . We, therefore, determine first 

the r value from the observed Q decay rate inserted in our 

decay rate formula. We then find V-=2.12rli2which satisfies all 

the relations we have among the mesons masses and decay constan 

with Cy=1.28C , which is close to C t =/.37C deduced from the 
?i n 

SU(3) @ SU(3) algebra developed by Gell-Mann, Oakes and 

S, 
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Renner, and others.13 With the same r value we find the 

tadpole mass difference of the K0 and K + mesons, 
2 

m/<o 
- In2 Kr = (5 fo 5&)x103 Gd ;= and the branching 

ratio of the Y and ?/decaying into 3fl" and fl"nt?f-, in 

agreement with experiment. Our results are consistent with 

other results previously produced from our Laqrangian model. 14 

A byproduct of the present work is the information which 

we obtain on the Weinberg's "Light-boson" concept in part 4. 

Comparing our result with thatobtained by the tree graph 

method in ref (41, we find that the effect of this boson field, 

+L ' is mimicked by the mixing of the $ ) $8 and< field 

components, which is our basic mechanism in explaining this 

G-parity violating decay. We show in fact that the $‘ field is 

the 9: part of the pion field spectrum defined in eq. (2c), 

and thus it will not directly be detectable. We discuss this 

matter further in part 5. 

II. LAGRANGIAN FORMALISM 

For evaluating the y1 or < decay rate into three pions 

we use the on-mass-shell current algebra based on the 
I 

r-model Laqranqian of Gell-Mann and Levy'] which is slightly 

modified and includes the u 3 "tadpole" symmetry breaking 

term.14 In this part we derive from this Lagranqian some 

relationships among the mesons masses and decay constants, 

thereby we determine those parameters relevant to the present 
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work. We also obtain the expressions of the current source 

operators associated with the ff, vl and %' mesons, as defined 

in Eq. (2). This Laqrangian may conveniently be written, as 

(3a) 

with 

(3bl 

(3c) 

(3d) 

f2Xdidm 4n hc [s;55+ 2+3JaQb - QTJ > 

with a & b = 0 to 8, but i, 0, 3, and 8. Here G$ is the part 

of the Laqrangian due to a triplet of quark, while xMM consists 

of the meson mass terms, and 2; represents the mesonic 

interactions. 

Also { . ...} denotes the trace, 

ik =o-+i+ 

m is the quark mass given by Eq. (la), and the mesons masses 
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are obtained, in terms of the quantities x = \/z u* u;' and 

U=G UJ u;’ , as 

m2 
ab =I^ 2&+ h,[:h +G (xdIa~,+ YdJab)]+h2[-&,+ 

(4a) 

+35 oa~obt~(xdsabtY~3ab)-3Ji: W&&Q,&~] 
, 

for pseudoscalar mesons, and 

tn. ;I = P2Sab +zh&&t A,[\+ ‘k&b+ YdJab)f 

t +Y) J,, J f h,[d,b- 3 &a&b + 

-~(xdg~b+Yd3ab)+3~(xS,,+rs,.)s,b] 
for scalar mesons. In writing Eqs. (4a) and (4b) we have 

neglected the terms involving x2, Y2, and XY. We have also 

defined p as the meson "unbroken" mass, and 

h,= Z&U&J 

(4b) 

(4c) 

where f, ), , u are the parameters of the chiral invariance 

terms, I ~ , 1, ) 1, , in Eqs. (3~). The mixing mass terms 

needed in the present work, are obtained from Eqs. (41, as 



-lO- FERMILAB-Pub-76/18-THY 

YY? 
og = 4+-$)x 

Yrlf o3 = &(h,- h,) y 
(4d) 

n-L2 
38 

= $ (h,t h,)Y 

By shifting the 6 field by x4 ( o-- h p m/a in the 

Lagrangian (3), and again making use of the chiral formalism 

we obtain the familiar relation 13 

Cam?&= $A; a=Oh8 

Mote that AL with a = 1 to 8 is the usual weak hadron 

current.15 The decay constants c = c S a ab ab , and 

C SC = 51 II F22 = 5 =(p&+x, u, 

%- cru = cJ-s += = (~)~(2-~+~YjLl, 

c -c c 
fi*,- ric.= 77 =(+p(Lpy) u. 

CT = cse-(+yyz - (fi -I)%] Cl0 

cpc OO = ($2 u, 

(5a) 

(5b) 
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where we have neglected Y2, x2, and XY terms. Experimentally 

we have 

CK 
z-- = 

J.22 - I.28 
(5c) 

Before going further, we present some relationships which 

will be used in the present work. First assigning m=m3~m 
7/o 

the fl" mass, WL.s M the % mass, and n m M' the q'mass, 
0 

Eq. (4) give 

h 

h, = L-% cm2- M ‘I- h, 

\15;r = (4mp.k.3ML)(~L-~zj’ 
(6a) 

where r=y/x and the last relation represents a correction to 

the Gell-Mann and Okubo mass formula. 

In order to calculate the Q decay rate we will require the 

parameters hl,h2 andr, inthe next part. Yet we cannot 

accurately determine these parameters from eqs. (6a), since 

these relations depend sensitively on the tadpole parts of the 

meson masses which are not well determined. 16 However, we 

assume that turning on the electromagnetic interaction does 

not appreciable alter the ratio CK/c, , or the ratios 

M/m and M);n which involve the neutral mesons masses. 

Hence, choosing M=q m and Mf=7,0gm, and combining eqs. (5) 

(6a), and (4c), we find 
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u* =I.I m , h,= q.35~~~ J h,=i3.at722 

.? 
x=5.? , ~~-0.336 , r~4.230~~~~ 

Here Am>,t = mi, -mL+ is the tadpole contribution to the 

K"-K+ mass splitting, and r satisfies 

( g-- -I )=(&j&(;-,) (6~) 

in which 
WC, 

is not known. If we compare expression 

(6~) with 

( cqe +(L) ‘E- n % (6d) 

which is derived approximately from the familiar (N(3) $1 SU(3) 

algebra containing only the u. and 
u8 

symmetry breaking 

terms, we find r+J.5.13'17 This is too large a number to 

produce an acceptable value for Am:,* from eqs. (6b), or 

for the t decay rate from the formula that we will present 

below. On the other hand it will be seen in the next part 

that r=0.021 deduced from the observed Q decay rate (which is 

proportional to r2) provides a satisfactory Am2 
/C,t 

, and a 

WCl ratio which is a few percent different from what 

we get from eqs. (6d) and (SC). Finally by writing the 

equation of motion with the Lagrangian (3), the field-current 

source relation (2) becomes 
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5 ( a2+ I-l-L; ) $ = 5, 

5,= ap;&* i 5 (I- g;d)G; 
(71 

where $?j[ represents the old pion source given in Ref. (8) t 

and Gi is an operator which carries a G-parity opposite to 

that of the jp current. The Gi operators for physical 

particles are found, as 

% 
i 1 
Gvl = 
Go 0 

2 
1) 58 

2 2 
m03 “08 0 

(8) 

with m.. 
11 

given by Eq. (4d). Such Sa source with mixed 

G-parity implies a mixture of the field for the physical fields 
a 

of the fl,tl,and q' mesons, through three Euclidian angles 

6 , 0, I and 8, , in the isospin space. Knowing that 

these admixtures must be very small, and using Eqs. (7) and 

(61, we find 

:I = & 0 0 Si 8 -c&e 0 0 & cede Sin 0 f3 1 

t 
i) 6 (9a) 

Q; 
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where c s Sl‘t? 8, (< 1 and e,sO are assumed. Comparing 

Eq. (9a) with Eq. (7b), and making use of Eqs. (4d) and (6~) 

we find 

toll @ = l/T (M2-L)(h,- h,) 
(Pi z- m’)( h,l-h&l 

& 2 =- ;rr 4.62e 
(9b) 

SO the mixing coefficient, E., 

of the order of f?'=f/llti 

between +J and other fields is 

. 

III. THE q+311DECAY 

NOW that the sources of the r" , K,aand r; fields contain 

terms with opposite G-parity, we can evaluate the above decay 

by the direct reduction form.alism in <3n(II> , as 

with K 
T,X 

=a;+; and K,& +d . Here p and k 

are the 4-momenta of the fl* and q while P=pl+p2 is 

the sum of the 4-momenta of the remainingtwo pions. Using 

Eq. (7), we have, 

(lob) 
fvx /Crpp)JQd)~= c;’ c; Tpp’ %p}+ 

+c;j6(xo-a,[s~(~~,~04;~~~]. 
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We note that the last term of the identity (lob), in Eq. (lOa), 

vanishes for the physical pion and Y mesons, making use of 

the usual canonical commutation rules. Thus for physical 

pions these relations give 

-Lc>ijd; d; [y iUw-r2$ 
(11) 

. (2n,P~e(~~-~~l[5n(x),s~~Y)~10) 

Noticing by Eq. (7a) that [s contains commutators 

which will not contribute to this G-parity violating case, and 

that on account of the smallness of X and Y involved in 

Eqs. (7) and (4d) we can neglect the [(;,,Gq] contribution, 

Eq- (lla) gives in the rest frame of the T meson 

T=J-‘7; ~ (12a) 

T- L l-c c 
?fY n 

(12b) 

T= &- 2 cc ix f-f? n p, + m. -- 
dropping (2~)~ S4( k -p -P) . Here p, is the 4-momentum of 

the set of intermediate states n which are introduced in 

Eq. (lla). We note that the J and G operators have 

opposite G parities, but the G-parity conservation must be 

(12c) 
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respected in determining the In> states. Considering 

parities and other conserved quantities, and taking all 

particles on the mass-shell, we determine the states n in 

Eq. (12). Then assuming the pole dominance up to and partly 

including the three-particle intermediate states, we find 

the contributing states n to be Ino> in Eq. (12b) and 

Ik> in Eq. (12c).18 Finally making use of these states 

and the appendix, Eq. (12) yield 

j-z LA (z.&?+r-P)[I- $ E -B] 

where 8 is given by Eq. (9b), E= c/??, and 

A ’ (M2- =- 
4m3 

~)(2Mjno+m$rL) 

6=(2m~~o-m~S)(2M8,,tma,j’ 

Using Eqs. (A7) and (A81 of the appendix in Eq. (13b), 

A =,bm3 (d-m2)(6M +??I) x 

fb.m(6M+m)-’ 

for ~-+~"+~C++$'-, and 

A 5 A- (PI’-d)[qm(2f+x)tmX] 
/2m3 

8s [q~(2~.x,-mx][qM(Z~tX)+mX]-’ 

(13a) 

(13b) 

(14a) 

(14b) 

for y+3TfO With the usual formula of the transition probability 

we find from Eq. (131, the decay rate r as 

r= m2A21 E’ 
6Yf13Ms ’ 

(15a) 
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where s-1 for k+'Jf"$fl-, s = 6 for p +3n" , and 

I = $ , ;,-a&&- (,cEj3-3]dE . I 

Here R=~-z , R/=-M-r , and 
m 

a= 

with M=4m, gives 

aro.625 f OF yz+ iY”rl+r- 

x 0.66 4 f or- k437r” , 

(15b) 

(15c) 

(15d) 

Using eqs. (61, (91, and (15), we find for 

r 
o-k- 

&-&&-r2= 8.2~/o‘~(~m~&)~. (16) 

If we take Dashen's sum rule for the chiral symmetry limit, 19 

on;+- m;ojern = (p+ - m;Jem , (17) 

(where em denotes the contribution of the purely electromagnetic 

interaction) and make use of the observed a,.$ 

we find" 
2 

AmK,t = ~,Y~XIO -j &V2, 

r -2 = 2032 XI0 . (18a) 

Using these data in eq. (16) we have 

c+-= 245 eV. (18b) 
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which is close to the recent observed rate &= .?04-c22 eV.20 

With a deviation in eq. (17), which would reduce (m:+-m>,],, 

by about 30%, the same calculation yields 

nm;* = J-Xl0 -j we7 > 
-.? 

r = 2.12 Xl0 1 (19) 

o+- 

We note from eq. (16) that the value is much less 

sensitive than the f value to the approximation involved in 

the evaluation of the amplitude (12). The orn' 
Kt 

value found 

here agrees with the one given by the authors in refs. (16) 

and (19). It is also to be compared with the am'/ t I range 

obtained from a perturbation formalism combined with the 

phenomenological expression of the q decay amplitude, by 

P. Langzcker and H. Pagels. 21 

Finally making use of Eqs. (14) to (15) we find 

R= l-(7+j7r0) 

f Pl-+ll”lT+lV-) 
d I.56 

in good agreement with the observed data. 22 

To obtain the rate of the Y'-$3T , we follow the same 

above treatment in which the source S, in Eq. (lla) is 

resplaced by S< given by Eq. (7), and PI is changed to 

M’z7.09 tn . 
2 In this way we find m30 in place of mG8 and 
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I(rli+3n 1 in place of ICY-3 37Yl in Eq. (15). 

Hence 

r(vl'+3n) ' w-Lo3 4 1tvr:35r1 

r(v1'37-f) = x Kg3 ( ) I(r1+371) 
(20b) 

According to the particle data group the upper limit of the 

q' total width is 1 M~v.~~ Taking this figure, fy = 204 ev 

obtained from Eq. (16 ), and Eq.(20a) , we find the upper limit on the 

branching ratio of the ~'+~"f(sfl- and 'I'+ 3n0to be 2.9% and 

4.6%, respectively, consistent with the observed limit 5%. 22 

IV. COMPARISON WITH THE U(3) @ U(3) APPROACH 

We now consider the result of the decay amplitude which 

is derived, in Ref. (4), by the tree graph method in the 

U(3) @ U(3) picture. This amplitude can be expressed in terms 

of two parameters F and mL I as 

T=F[l-$E+ $,.] 
L 

where mL' in Ref. (4), is considered to be the mass of an 

unobserved boson, to be called "L" particle. The fields 

associated with the "L" and particles are given in terms 

of the qo- #" mixing, as 

with p being the mixing angle. 

(21) 

(22a) 
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Here, comparing first Eqs.(22d) and (9) and setting 

A=e we find 

So the "L" boson field zf; is actually the 9: part of 

our pion field spectrum defined by Eq. (2~). Next we note 

that the two amplitudes (21) and ( 13 1 are equal, if we set 

F= &A 

-1 2 
my= 8(/-8) m 

(22b) 

(23) 

with A and B given by Eq. (l3b). An inspection of Eqs. (9 ) 

and (13b) shows the mL is imaginary and the upper limit of 

\ w-l,-\ , forq , and y\I decays is & m ." 

V. CONCLUDING REMARKS 

We have seen that the Lagrangian based on the SU(3)@SU(3) 

linear c-model, combined with the on-mass-shell current 

treatment is capable of giving the y and $ decay rates in 

agreement with experiment. This success is partially due to 

the isospin breaking term u3 'in the quark mass matrix, and 

partly due to the field-current source relation (7) which 

provides a mechanism for handling this G-parity violating 

decay through the usual reduction formalism. The term u3 

has a far reaching consequence in the entire formalism. On 

the one hand the quantity r = u3/u8 comes out proportional to 
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which is the tadpole contribution to the 0 + Ii -K mass difference. 

On the other hand, due to the term u3 the combination of the 

equation of motion and the chiral current gives the current 

source Ja , a mixed G-parity spectrum and this in turn leads 

to having the admixture of the $0 and $8 with 9: in the 

fl" , t-l , and q' states. We see in Eq. (9), for instance, 

that the pion field consists of the usual? field and a G=l 

parity part Q; , with the mixing coefficient E of the order 
2 of e , which contributes only in a G-parity violating process 

such as this \ decay. (We do not know if the closeness of the 

8 value to the square of the electric charge is accidental, 

or due to an intimate link between the tadpole u3 and the 

electromagnetism.) The main difference between the present 

treatment and the soft-pion approach is exhibited by the term 

B in Eq. (13a). The effect of this term on the decay rate 

(through the parameter a in Eq. (15a)) is appreciable. 

Our result, Eq. (16) shows that the 'L decay rate depends 

sensitively on the r value, or on the field mixing coefficient 

E=0.G12~2. The main approximation in determining r, is 

the pole dominance and partly taking into account of the 

background continuum in the matrix elements of the products 

of the currents in the amplitude (12).23 To get some idea of 

the degree of accuracy of the present treatment, we note that 

Eqs. (6b) with r=0.021 given in Eq. (19 ), yields an Q decay 

constant CT =/.t8Cn as compared to the value C 
Q 

=j.37Cw deduced 

from the exact chiral-limit expressions for cK and C 24 
'I - 
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We also see that the Am2K,t value given in Eq. (19) is close 

to that estimates by making use of Dashen's sum-rule. -I9 It 

also agrees with the nk ktvalue which is obtained from the 
I 

pole dominance application in the Q decay amplitude which 

is given by P. Langaker and H. Pagels. 21 Furthermore, the 

branching ratio of the vl. decaying into Jr'aand ?fdntn- , 

and the ratio of the 12 and y' decay rates, Eqs. (20a) and 

(ZOb), agree with experiment. 

Finally we note that the decay rate in Eq. (13a)is 

identical in form with the amplitude (21) which is derived 

from the U(3) 5 U(3) symmetry and the tree graph method in 

Ref. (4). Thus by comparing these relations we obtain some 

information on Weinberg's light boson, L. We see from Eq. (9) 

that the L boson does not represent a particle in our 

formalism, since it is the G=l part of the pion field spectrum, 

Eq. (2~). Second, we note from Eqs. (16) and (.?I) that for 

obtaining the observed decay rate we must have mL= m/G .22 

Without the mL term in the amplitude (21), or the B term in 

Eq. (13) the calculated rate would be three times less than 

the observed one. 4 Considering these points we observe: On 

the one hand, that if we wish to apply the usual PCAC algebra 

to this process, we must realize the smoothness of the off- 

shell amplitude by suppressing the mL contribution through 

a mechanism such as that proposed in Ref. (4); on the other 

hand in doing this we partially eliminate the +'-#" - $J 

admixture which is a part of the mechanism for this G-parity 
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violating interaction, and so consequently we find an 

unacceptable result. 25 

The on-mass-shell formalism as presented here, avoids 

the above difficulty and the problem with the soft pion 

extrapolation . Thus it offers a more successful formula for 

this decay; and within the errors involved in the pole 

dominance and in the observed T decay rate, it gives a 

reasonable value for the u3 /ua ratio, or for the strength 

of this G-parity interaction, E . 

APPENDIX 

Here we give details of how the amplitude (13) is found 

from Eq. (12). What we need in Eq. (12) are the quantities 

$= m2<2?T, pi a, ;; 1 no> T’ >f= T M - 
r,= 2(211, P 1 ap j3’ I r X > I f=-F 

We note, according to Eqs. (7) and (2) 

(Al) 

(A2) 

Using Eqs. (A2) in (Al) and making use of the fact that the 

state \fT'), or IT>, is mixed according to Eq. (91, we find 



-24- FERMILAB-Pub-76/18-THY 

where we have defined Eccn?and the coupling constants 

q,= <snlcp, IsrO> 

-q,=<m&III) 

(A31 

It can be verified that the momentum dependence of the 

coupling constants 2 and j,, 
ITa 

In the range of interest for 

E, which is m&E < M-2, , is negligible.26 Also we note 

there g's can be read off a part of the Lagrangian 

in Eq. (3d), which is 

~=e~4t~d~bmd,,,4,~~4:4, 

From Eqs. (A41 and (A51 we obtain 

JR0 =A 

(A6) 

for \+fl"lT+ff- , and 

$0 = 3 (7 + ; ) 

%& 

(A7) 

(A8) 
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0 20 for hA3R. We see from Eqs. (A7), (A8), (21) how the 

mass parameter m, Y in the U(3)@U(3) approach is related to 

the coupling constants 2 110 and 8~ in our work. We also 

note from Eq. (A8) and the work in Ref. (14) that the parameter 

which appears only in the y-)3?l" decay, is intimately 

related to the coupling constants of the E and s scalar 

mesons. 
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